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Congenital adrenal hyperplasia due to deficiency of the enzyme 21-hy-
droxylase (21-OH) is divided into the classical and non-classical forms. It is
one of the most common autosomal recessive inherited diseases in hu-
mans. The classical form appears at a rate of between 1:5,000 and  1:15,000
among the live neonates of North America and Europe. The rate of the
non-classical form is especially high among Ashkenazi Jews and  some
Mediterranean populations (i.e. Italians, Hispanics). Three alleles are as-
sociated with the 21-OH locus and can combine in various ways to give
rise to individuals who are either unaffected, heterozygote carriers, or
affected with the classical or non-classical disease. Variable signs and
symptoms of hyperandrogenemia (hirsutism, acne, virilization, short stat-
ure, menstrual irregularities) are common in both forms of the disorder.
Between the genes responsible for the synthesis of the enzyme 21-OH
and the antigens of the HLA system there exist both a proven genetic
linkage and a proven genetic linkage disequilibrium. The most common
haplotypes usually observed in the classical form are HLA-Bw47, HLAB5 and
HLA-B35 and in the non-classical form of the disease the haplotype HLA-
B14DR1. The great progress in molecular biology during recent years has
resulted in the development of new sensitive methods of DNA analysis
and study, such as polymerase chain reaction and southern blot analysis.
The synthesis of 21-OH is controlled by two genes, the active CYP21Â
gene and the CYP21A pseudogene. All forms of the disease have  known
sequences of gene changes due to mutations in  isolated proteins or to
translocations or deletions of genetic material whole series of genes.
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Congenital adrenal hyperplasia (CAH) caused by a

deficiency of adrenal 21-hydroxylase (21-OH) is an au-

tosomal recessive inherited disorder of steroid metabo-

lism and is divided in to the classical (C-CAH) and the

non-classical (NC-CAH) form.1,2 21-OH block is the most

common form of CAH (90% of cases), the most fre-

quent cause of sexual ambiguity and the most frequent

endocrine cause of neonatal death. The prevalence of

these disorders is high and CAH has been estimated to

affect approximately in 1,000 non-Jewish Caucasian1

women.3–5 Heterozygocity for 21-OH deficiency has been

estimated to affect approximately 1 in 60 of the general

non-Jewish Caucasian population, although it may affect

as many as 1 in 3 Ashkenazi Jews.6,7 Close genetic link-

age between the HLA complex located on the short arm

of chromosome6 and 21-OH deficiency was first de-

scribed by Dupont at al.8 Studies of families with inform-

ative recombinations clearly indicate that the 21-OH de-

ficiency gene segregates with HLA-B, constituting genet-

ic linkage with this locus.9,10 The great progress in molec-

ular biology during recent years has resulted in the de-

velopment of new sensitive methods of DNA analysis

and study, such as the polymerase chain reaction (PCR)

and southern blot analysis. The synthesis of 21-hydroxy-

lase is controlled by two genes, the active CYP21Â gene

and the CYP21A pseudogene.11

CLINICAL GENETICS

Forms of the disease

There are two forms of the disease: (a) The classical

form of which the most prominent features are viriliza-

tion of the external genitalia and/or the body (simple
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virilizing form) or virilization of the external genitalia

and/or the body with renal salt wasting as defined by

hyponatremia, hyperkalemia, inappropriate natriuresis and

low serum and urinary aldosterone (salt-wasting form of

CAH).9 (b) The non-classical form characterized by viri-

lization, menstrual disturbances, acne, obesity, oily skin,

hirsutism and sterility. Oligospermia and subfertility have

been reported in men with 21-OH deficiency.9

Classification

The scheme of classification which was proposed by

Kohn et al has been accepted by the international scien-

tific community in general. This scheme recognises three

alleles for 21-OH deficiency: 21-OHdnormal, 21-OHdmild,

and 21-OHdsevere. The classical disorder results when a

person is homozygous for 21-OHdsevere. In the non-classi-

cal disorder the following phenotypes exist: 21-OHdmild/

21-OHdmild or 21-OHdsevere/21-OHdmild. Heterozygotes

have the mildest enzyme deficiency and may be clinical-

ly asymptomatic. Their phenotype is 21-OHdmild/21-

OHdnormal or 21-OHdsevere/21-OHdnormal. Cryptic 21-OH

deficiencies are biochemically indistinguishable from those

with the non-classical form and have the same geno-

type.13

Incidence

Speiser et al found the frequency of NC-CAH and its

heterozygous forms to be respectively 1 in 27 and 1 in 3

for Ashkenazi Jews, 1 in 53 and 1 in 4 for Hispanics, 1

in 63 and 1 in 5 for Yugoslavs, 1 in 333 and 1 in 9 for

Italians and 1 in 1000 and 1 in 14 in other Caucasians.3

NC-CAH is one of the most common autosomal reces-

sive disorders in humans. Based on the 17-OHP response

to acute ACTH stimulation, the incidence of 21-OH de-

ficiency among hirsute Greek women has been estimat-

ed to be 3.4%.14

Clinical presentation

In the classical form of the disease, with almost com-

plete deficiency of the enzyme, 0–3% of the normal,

there may be virilization of the external genitalia of a

female fetus at birth (CAH due to 21-OH deficiency is

the most common cause of ambiguous genitalia in the

newborn and results in female pseudohermaphroditism).8

About one third of patiens with 21-OH deficiency have

the simple virilizing form.15 If untreated the female with

CAH will develop signs of progressive virilization. Pubic

hair will appear by age 2–4 years, followed by axillary

hair. Bone age is advanced by age 2 years, and because

of early epiphyseal closure, height in childhood is achieved

at the expense of shortened stature in adulthood. Pro-

gressive masculinization continues, with development of

the male habitus, acne, deep voice, amenorrhea and in-

fertility. An electrolyte imbalance of the salt-losing type

occurs in approximately one-third of patients with the

virilizing form and is usually apparent within a few days

of birth. The infant with this disorder goes on to develop

an Addisonian-like crisis with hyponatremia, hyperkale-

mia and acidosis.

Rapid diagnosis and treatment are necessary to save

these infants. The non-classical form of 21-OH deficien-

cy, with enzyme deficiency of about 30–50% of normal,

is a disease of extreme phenotypic diversity. Individuals

with the disease, while normal at birth, may present peri-

or post-pubertally with symptoms such as precocious

adrenarche, acne, hirsutism, menstrual irregularity, clito-

romegaly, amenorrhea, short adult height and infertility.

Cryptic patients may develop symptoms and sympto-

matic non-classical patients have been observed to un-

dergo spontaneous improvement.12,16

CLASSICAL GENETICS

The major histocompatibility complex (MHC)

The Human Leucocyte Antigens (HLA) complex, cod-

ing for a large number of leucocyte surface antigens

important in human organ transplantation, is comprised

of several closely linked loci. Four of these, HLA-A, HLA-

B, HLA-C and HLA-D/DR can be defined by serologic

testing and have been subdivided on the basis of the

specific tissue antigen produced by each of their multiple

alleles. One allele from each of the HLA loci A, B, C, and

D/DR constitutes a haplotype. Each person carries two

halpotypes, one from the father and one from the moth-

er. From studies of families the 21-OH gene was local-

ized between HLA-A and glyoxalase I, probably between

HLA-B and DR.17

Genetic l inkage with HLA and genetic l inkage
diseqiuilibrium

Close genetic linkage between the HLA complex lo-

cated on the short arm of chromosome 6 and 21-OH

deficiency was first described by Dupont et al in 1977.10

In this study, HLA genotyping of parents and children in

six families with one or more child affected with CAH

due to 21-OH deficiency was performed. Each individual
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inherits one chromosome 6 from his father and one from

his mother. In five of the six families, all of the affected

offspring were HLA identical, and all were HLA different

from their unaffected sibs. In the sixth family, the two

affected sibs were HLA-B identical. At the Eighth Inter-

national Histocompatibility Workshop, it was calculated

by statistical methods of genetic analysis that the Lod

score for linkage between HLA and 21-OH deficiency

CAH was 15.65. The Lod score is a statistical index of

the genetic linkage and a value ³3 means that linkage

exists.17 In genetic studies, it is important to distinguish

between genetic linkage and genetic linkage disequilibri-

um, which is the non-random association of alleles of

different genetic loci. Thus, not only are 21-OH deficien-

cy and HLA genetically linked, but there is genetic link-

age disequilibrium between 21-OH deficiency and HLA

alleles. For classical 21-OH deficiency, the most signifi-

cant association is with HLA B47.3 Genetic linkage dise-

quilibrium also has been reported for the nonclassical

form of 21-OH deficiency and a significantly increased

frequency of HLA B14, DR1 has been observed.18 The

HLA antigens B5, B35 and B40 are also associated with

increased risk of classical 21-OH deficiency.3 The other

significant HLA-B antigen association with NC-CAH is

the HLA B35.13

MOLECULAR GENETICS

The new sensitive methods of DNA analysis and study

such as the polymerase chain reaction (PCR) and south-

ern blot analysis have been applied to the investigation

of 21-OH deficiency.

By hybridizing a human 21-complementary DNA

(cDNA) probe to genomic digests, White and colleagues

detected two genes encoding 21-OH hydroxylase en-

zyme, the active CYP21B gene and the CYP21A pseu-

dogene. Both genes are located at the site of the genes

HLA and are closely related to the C4A and C4Â genes

encoding the components of complement.11 The muta-

tions, translocations or deletions which have been ob-

served in the classical and non-classical form are shown

in table 1.

Classical form

The deletion of CYP21B and C4B genes which is

related with the A3BW47DR7 haplotype was the first mu-

tation reported.19 The mutation of adenine or cytosine at

intron 2 (A or C®G) was the most frequent genetic

change related with the classical form of the disease.20,21

The other mutations related with complete deficiency of

21-OH enzyme are the mutation in codon 318, the de-

letion of eight pairs of bases in exon 3, the mutation

Arg®356Trp and four mutations in the cluster: lle-Val-

Clu-Met236,239®Asn-Glu-Glu-Lys.22 The mutation lle172

®Asn is related specifically with the simple virilizing form

of the disease, with enzyme activity of 3–7% of the nor-

mal activity.23

Non-classical form

The mutation Val281®Leu was observed in patients

with the HLA-B14DR1 haplotype.24 In some populations,

Table 1. Genetic changes which resulted/deletion or deficiency of 21 hydroxylase enzyme.

Genetic change Mapping Phenotype Enzyme activity

A or C®G Intron 2 Sv/sw minimal (»1)

deletion of pairs and bases Exon 3 sw 0

lle172 ® Asn Exon 4 sv 3–7

lle236®Asn

Val237®Clu Exon 6 sw 0

Clu®Clu

Met239 ® Lys

Clu292 ® Ser Exon 7 sw 0

Arg356 ® Ôrp Exon 8 sv/sw 2

Pro30 ® Leu Exon 1 NC/SV 30–60

Val281 ® Leu Exon 7 Nc 20–50

Pro453®Ser Exon 10 Nc 20–50

sw: Classical form with salt wasting, sv: Simple virilizing form, Nc: Non-classical form, } Cluster

}
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Ç óõããåíÞò õðåñðëáóßá ôùí åðéíåöñéäßùí, ðïõ ïöåßëåôáé óå áíåðÜñêåéá ôïõ åíæýìïõ 21-õäñïîõëÜóç (21-

OH), äéáêñßíåôáé óôçí êëáóéêÞ êáé ìç êëáóéêÞ, üøéìçò åìöÜíéóçò ìïñöÞ, êáé áðïôåëåß Ýíá áðü ôá óõ÷íüôåñá,

êáôÜ áõôïóùìáôéêü õðïëåéðüìåíï ôýðï, ìåôáäéäüìåíá íïóÞìáôá ôïõ áíèñþðïõ. Ç óõ÷íüôçôá ôçò êëáóéêÞò

ìïñöÞò êõìáßíåôáé ìåôáîý 1:5.000 êáé 1:15.000 óôá íåïãíÜ óôïõò ðëçèõóìïýò ôçò Â. ÁìåñéêÞò êáé Åõñþðçò,

åíþ ç óõ÷íüôçôá ôçò ìç êëáóéêÞò ìïñöÞò ôçò íüóïõ åßíáé éäéáßôåñá õøçëÞ óôïõò Åâñáßïõò-Aschkenazi êáé ó’

Ýíá ìÝñïò ôùí ìåóïãåéáêþí ëáþí. Ôá ôñßá áëëÞëéá ôçò 21-OH ìðïñïýí íá óõíäõáóôïýí ìå äéÜöïñïõò

ôñüðïõò óôïõò áíèñþðïõò êáé íá ðñïêýøïõí öõóéïëïãéêÜ Üôïìá, åôåñïæõãþôåò êáé êëéíéêþò ðÜó÷ïíôåò ìå ôçí

êëáóéêÞ êáé ìç êëáóéêÞ ìïñöÞ. Ôá óõìðôþìáôá êáé óçìåßá õðåñáíäñïãïíáéìßáò (äáóõôñé÷éóìüò, áêìÞ, áññåíï-

ðïßçóç, âñá÷ý áíÜóôçìá, äéáôáñá÷Ýò ôçò åììçíïññõóßáò) åßíáé êïéíÜ óå áìöüôåñïõò ôïõò ôýðïõò ôçò åíæõìé-

êÞò äéáôáñá÷Þò. Ìåôáîý ôùí ãïíéäßùí ôïõ åíæýìïõ 21-ÏÇ êáé ôùí áíôéãüíùí ôïõ óõóôÞìáôïò HLA õößóôáôáé

ãåíåôéêÞ óýíäåóç êáé ãåíåôéêÞ óýíäåóç áíéóïññïðßáò. Ïé óõíçèÝóôåñïé áðëüôõðïé ðïõ óõíáíôþíôáé óôçí

êëáóéêÞ ìïñöÞ ôçò íüóïõ åßíáé ïé HLA Bw47, HLA-B5 êáé ÇLÁ-Â35, åíþ óôç ìç êëáóéêÞ ìïñöÞ ï áðëüôõðïò

HLA-B14DR1. Ç ìåãÜëç ðñüïäïò ôçò ÌïñéáêÞò Âéïëïãßáò ôùí ôåëåõôáßùí åôþí åß÷å ùò áðïôÝëåóìá ôçí

áíÜðôõîç åõáßóèçôùí ìåèüäùí áíÜëõóçò êáé ìåëÝôçò ôçò äïìÞò ôïõ DÍÁ, üðùò ç áëõóéäùôÞ áíôßäñáóç ôçò

ðïëõìåñÜóçò êáé ç áíÜëõóç Southern blot. Ç óýíäåóç ôïõ åíæýìïõ 21-OH åëÝã÷åôáé áðü äýï ãïíßäéá, ôï

åíåñãü ãïíßäéï CYP21B êáé ôï øåõäïãïíßäéï CYP21A. Êáé óôéò ôñåéò ìïñöÝò ôçò íüóïõ Ý÷ïõí áíáöåñèåß

ãïíéäéáêÝò ìåôáâïëÝò, ðïõ ïöåßëïíôáé óå ìåôáëëÜîåéò ôïõ ãïíéäßïõ ôçò 21-ÏÇ, äéáìåôáèÝóåéò Þ åëëåßøåéò

ãåíåôéêïý õëéêïý.
................................................................................................................................................................................
ËÝîåéò åõñåôçñßïõ: ÃåíåôéêÞ, ÓõããåíÞò õðåñðëáóßá åðéíåöñéäßùí

such as Ashkenazi Jews, this mutation was a common

genetic polymorphism with a gene frequency of more

than 10%. The mutation Pro30®Leu is detected in one

third of alleles of patients with the non-classical form of

the disease.25 Other mutations are the mutation Pro30®Ser

which was observed later.26 Further investigations are in

progress to elucidate the complete molecular genetics of

this disease.
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